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Magnetic Storms of March 7-8 and August 15-16, 1918, and 

their Discussion. 

By C. Ohree; Sc.D., LL.D., F.E.S. 
(Eeceived March 4, 1919.) 

§1. A recent paper* described the records obtained at Kew and Eskdalemuir 
Observatories of a world-wide magnetic storm which occurred on Decem- 
ber 16-17, 1917. The outstanding feature was the much larger size of the 
disturbance at the more northern station. This seems a general fact, of 
which the two magnetic storms discussed in the present paper afford further 
evidence. They were two of the principal storms of 1918. Their joint 
discussion affords an opportunity of emphasising the variety in the phenomena 
exhibited by storms of the same class. The results differ so much from some 
which Dr. S. Ghapmanf has given in a recent paper as representative of 
world-wide magnetic storms, that it may not be amiss to explain that the 
two storms were selected before the appearance of Dr. Chapman's paper. 
The storm of March 7-8 was suggested by the kindness of the Director of the 
Meteorological Service of Canada in sending me, unasked, copies of the 
D (declination), H (horizontal force), and V (vertical force) curves from 
Agincourt (near Toronto). Eskdalemuir curves for that date and also for the 
second storm, which occurred on August 15-16, were kindly supplied by 
Dr. Crichton Mitchell. The Eskdalemuir magnetographs record N (north 
component) and W (west component), instead of H and D as at Kew and 
Agincourt. The simplest way to a comparison was to calculate H and D 
changes at Eskdalemuir from the observed N and W changes. 

The two storms are undoubtedly of the kind discussed by Dr. Chapman, 
according to whomj "apparently all great world-wide magnetic storms 
commence simultaneously to within a few seconds, over the whole earth, 
although small local fluctuations may sometimes mask the commencement at 
particular stations.'' All I think we can really say is that the particular 
form of disturbance known as a "sudden commencement," or Sc, which 
precedes a considerable number of world-wide storms, appears simultaneously 
at all stations, to the degree of accuracy with which time can be measured on 
ordinary curves. This conclusion has been reached independently by several 
recent investigators, including Dr. Chapman and myself.§ Accuracy to 

•^ ' Eoy. Soc. Proc.,' A, vol. 94, p. 525. 

t *Eoy. Soc. Proc.,' A, vol. 95, p. 61. 

:j: Loe. cit,^ p. 62. 

§ * Proc. Phys. Soc.,' London, vol. 23, p. 49 ; vol. 26, p. 137. 
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half-a-minute in time measurements is a high claim, and the instant at which 
a movement becomes visible is not wholly independent of the sensitiveness of 
the instrument. If Dr. Chapman is correct in stating that all world-wide 
storms commence simultaneously, we must I think suppose that all have Sc's. 
If so, these must be ''masked" more often than not. The existence of an Sc 
is important in relation to the question whether storms recur after a definite 
interval. When Mr. W. Maunder* claimed to have established a 27'3-day 
recurrence period, this aspect of the case was dealt with in a review of his 
paper which I contributed to " Terrestrial Magnetism.^f Of the 276 storms 
in Mr. Maunder's list for the period 1882 to 1903 only 77, or 28 per cent, 
were credited by him with an Sc. In many cases of world-wide storms 
disturbance seems to originate gradually. The storm of December 16-17, 
1917, is a case in point. On that occasion the growth of disturbance was so 
rapid that I concluded '' its commencement may be accepted without hesita- 
tion as occurring between 8 h. and 9 h." Often, however, differences of several 
hours occur in the estimate of the time of commencement made at different 
stations. Also, an Sc is only sometimes immediately followed by large 
disturbance. Often a comparatively quiet time intervenes between the Sc — 
which possesses at most stations a characteristic form — and the large 
movements, which in the absence of an Sc would be recognised as a storm. 
In some cases there is room for doubt whether there is a real connection 
between the Sc and the subsequent storm. There is all the more reason for 
hesitation on this point because, in a considerable number of cases, the Sc 
itself is the principal movement. It is followed in some instances by what I 
have described as a "crest.'' In low or mean latitudes the Sc is mainly an 
H movement and is seldom visibly oscillatory, H undergoing a considerable 
rise in the course of a few minutes. The " crest " consists essentially in the 
maintenance of the enhanced value of H, the curve presenting a nearly level 
ridge for a considerable time, which may amount to several hours. A rapid fall, 
somewhat like an inversion of the original Sc, then ensues, and there may be 
no further disturbance worth mentioning. 

If an Sc were always the immediate precursor of large movements, and if 
these took an invariable or nearly invariable course, similar stages in the 
development being reached after definite intervals, there would be much to be 
said for Dr. Chapman's " storm time," or time measured from the beginning 
of the storm. If, however, as I suspect to be nearer the truth, the sequepce of 
events is by no means uniform, even in storms having Sc's, the deduction 
after Dr. Chapman's method of mean results derived from a number of storms 

•^ * Monthly Notices, R. A. S.,' vol. 65, p. 2. 

t * Terrestrial Magnetism and Atmospheric Electricity,' vol. 10, p. 9. 
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superposed according to '' storm-time," may give origin to data of uncertain 
physical significance. It may be a case of combining essentially heterogeneous 
material. 

In connection with the discussion of the magnetic results of the Antarctic 
Expedition of 1911-12, I have studied the records of many magnetic storms 
at eight or ten stations, and, during the last 20 years, records of many storms 
at Kew, Falmouth, and Eskdalemuir have come under my notice. There are 
certain features which tend to be common, including the well-known 
depression in H, most usually experienced sooner or later in large storms, 
and the modification and great enhancement of the diurnal variation in 
V — first described, I believe, in the case of Kew Observatory — but the 
phenomena, while markedly influenced by local time, have been very variable 
as regards " storm time." 

§ 2. The two storms now to be discussed, unlike that of December 16-17, 
1917, have prominent Sc's ; also large disturbance immediately followed. I 
have preferred, however, to refer them to ordinary Gr.M.T. hours, principally 
for reasons already stated, but partly for the practical reason that the 
time-breaks in the curves favour that course. 

The curves of December 16-17,1917, were measured at 4-minute intervals, 
mainly with a view to a special enquiry into Bidlingmaier's " Magnetic 
Activity." The labour involved in 4-minute measurements is great, and 
when there are large short-period oscillations, as in the two storms of 1918, 
individual measurements are apt to be uncertain, as a difference in the 
setting of the scale equivalent to 1 minute of time may answer to a large 
difference of ordinate. Accordingly, on the present occasion I have estimated 
mean hourly values, using a scale in the. way originally introduced at 
Potsdam. This method has been used when measuring electric potential 
curves at Kew for a number of years, with satisfactory results. In careful 
hands it gives wonderfully consistent results, even with highly oscillatory 
curves. 

The mean hourly values during the two storms are given in Tables I 
and II as differences from certain standard values. Details as to the ranges 
during the Sc's and the whole disturbance, and as to instantaneous and mean 
values for certain specified times, are given in Tables III and lY. All 
declination data are given in terms of the equivalent force. The difficulty 
of settling standard or normal values was discussed in my previous paper. 
As my information for Agincourt and Eskdalemuir was confined to the 
curves received, and uniformity of procedure was desirable, I have accepted 
as the normal value in each case the mean from 2 h., 8 h., 14 h., and 20 h. 
L.M.T. during the 24 hours preceding the storm. The mean from these 
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Table 11. — Mean Hourly Values. August 15-16, 1918. 
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four hours in the average day comes very near the mean for the day in all 
the magnetic elements. Greenwich time was accepted as local time for Kew 
(51° 28' K ; 0° 19' W.) and Eskdalemuir (55° 19' N. ; 3° 12' W.), and time 
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of 75° W. as local time for Agineourt (43° 47' N. ; 79° 16' W.). This 
procedure was less satisfactory for the August than the March storm, 
because August 14 was slightly disturbed, and the afternoon V-trace at 
Eskdalemuir was more affected than is usual with so comparatively trifling 
a disturbance. The Sc on March 7 began about 21 h. 10 m. G.M.T., and that 
on August 15 about 16 h. 50 m. The first hours included in Tables I and II 
entirely precede the storm, and anyone who prefers the values from these 
hours as standards can easily make the necessary changes in the Tables. 
The mean value of H for the hour commeDcing at the Sc will be found in 
Table lY by anyone desiring a more exact comparison with Dr. Chapman's 
results. 

An unfortunate feature on both occasions was loss of trace at Eskdalemuir. 
There was also loss of H-trace at Agineourt, where the oscillations were so 
large that the trace went off the sheet on both sides. The absence of the 
trace from the Agineourt sheet was short, except between 2 h. 10 m. and 
3 h. 10 m. G.M.T. on the plus side, and between 3 h. 30 m. and 4 h. 15 m. on the 
minus side ; but during these intervals the marginal values — which had to be 
accepted as the true values— may have been considerably exceeded. This is 
indicated by the + sign attached to (the entry under 2.5 h., and by the 
•— sign attached to the entries under 3*5 h. and 4*5 h. in Table I. The values 
for the adjacent hours are slightly affected, but are probably nearly correct. 
At Eskdalemuir, on August 15, the V-trace was off the sheet on the plus side 
between 20 h. and 21 h., but only for a short time, and the excess over the 
marginal 'value was probably small ; still, the entry in Table II is an under- 
estimate. On March 7-8 the loss at Eskdalemuir was more serious. It 
happened to be the second day's trace, so the curves naturally started below 
the middle of the sheet, and all three elements had, unfortunately, an 
exceptionally large fall. The E'- and W-traces were off the sheet on the 
minus side several times, and for over an hour continuously in either case. 
The V-trace was off only once, but then for two hours. Thus, in accepting 
the marginal value, a very considerable underestimate was probably made of 
the depression, and so of the range of force during the storm. The hourly 
values in Table I, to which the minus sign is attached, ought probably to be 
very considerably lower. 

A general idea of the sequence of events is most easily derived from fig. 1. 
There is a sensible resemblance between the H-curves for March 7-8 at Kew 
and Eskdalemuir and the H-curves in Chapman's fig. 1. There is the 
characteristic rise in H for the first hour or half-hour of the storm, and then 
a marked fall. But whereas the rise in the mean value for the first hour is 
not so very much larger than Chapman's, the subsequent fall is enormously 
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greater, and takes place in shorter time. Chapman,* it is true, remarks on 
an " increasing lateness of the epoch of minimum horizontal force, with 
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Fig. 1. — Times are G.M.T. 



A = Agincourt. 

H = Horizontal Force. 
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diminishing storm intensity,'' which implies an acceleration when dis- 
turbance is large. 
The question as to whether mere size affects the phase of magnetic storms 

* Log, ciL^ p. 72. 
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arose incidentally in the discussion of Mr. Maunder's results already referred 
to. He had divided storms into four classes according to size. Taking his 
classes in descending order of magnitude, and accepting his figures, I found 
the respective average durations to be 29*1 h., 34*4 h., 33*9 h., and 26*2 h., 
and concluded, " if we exclude the very largest disturbances, whose number 
is very limited (16 out of 276), we have apparently a distinct tendency for 
the duration to be least in the weaker storms.'' This is not necessarily 
incompatible with Chapman's conclusions, but it is decidedly against any 
marked acceleration of phase with increase of intensity. Unless Chapman 
himself had supposed the acceleration to be small, he would hardly have 
derived his results, as one infers he did, from the superposition of storms 
irrespective of their size. 

While the Kew and Eskdalemuir H diagrams for March 7-8 have a 
resemblance to Chapman's fig. 1, it is otherwise with the Agincourt 
H diagram for the first part of the storm. We have, of course, the usual 
rise during the Sc, but, instead of falling, the general trend in H is 
upwards. The mean value for the sixth hour " storm-time " exceeded that 
for the first hour storm-time by at least 170 7. The maximum at Agincourt 
occurred practically simultaneously with the minimum at Kew and 
Eskdalemuir. 

Chapman seems to regard the pole of the zonal harmonic of the first 
order in the Gaussian potential as decisive in the phenomena of magnetic 
storms. It is obviously fundamental in the Birkeland-Stormer theory, 
because the paths of the electrical ions or corpuscles coming from the sun 
are determined by the earth's magnetic field, and at distances from the 
earth large compared with the earth's radius, the first order terms in the 
potential will naturally predominate. But when we come to the actual 
distribution of electrical currents in aurora, at heights of the order of 
100 kilom., there is no such obvious reason for the supposed preponderance 
of the first order terms. Be this as it may, the interesting point at the 
moment is that, if we accept Chapman's position (80° IST., 70° W.) for the 
magnetic pole (from the zonal harmonic), we find for the magnetic latitudes 
of Agincourt, Kew, and Eskdalemuir the respective values 53*6° 53*9°, and 
57*9°. Thus Agincourt and Kew have practically the same magnetic 
latitude. Consequently, in accordance with Chapman's views, we should 
naturally expect the disturbance phenomena at the two places to be similar. 
There is, of course, five hours' difference in the local time, and it may be 
suggested that the difference in the H variations represents Chapman's 
" local storm variation," by which he means apparently the dijfference 
between the diurnal variations characteristic of disturbed and ordinary 
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days. I have shown, however, in the case of Kew* — and other European 
stations agree- — that the type of the diurnal variation in H on disturbed 
days makes no very great departure from that for ordinary days, and the 
changes during the six hours commencing at 21 h. are small. Thus the true 
explanation of the difference remains to be found. 

§ 3. Dr. Chapman's statementf as to the latei* phenomena in H- — " A period 
of recovery then follows, and lasts for several days. Both the decrease and 
the recovery proceed most rapidly after their initial stages, and gradually 
slow down "• — is I think a fair statement of the average facts ; but the recovery 
is not very marked in fig. 1, and is irregular, as is usual in individual cases. 
His further statement^ " This recovery shows itself in the non-cyclic varia- 
tion on quiet days " is I think premature. This explanation of the large n.c. 
rise in H on quiet days naturally suggests itself, and was in fact pointed out 
in my first paper| describing the phenomenon. But in a subsequent paper! 
I mentioned a second possibility, which so far as I know has not yet been 
disproved. The phenomena are rather suggestive of what happens with a 
permanent magnet, especially if of steel of poor retentiveness and recently 
magnetised, wheii subjected to a magnetic, mechanical, or thermal shock. 
There is an immediate loss of magnetic moment, with a tendency to recovery 
during a su.bsequent rest. The loss is determined partly by the magnitude 
of the shock, partly by the recent history of the magnet. The rise of 
moment during the rest may be a consequence of the fall occasioned by the 
shock. On the other hand, the fall consequent on the shock may arise from 
the moment of the magnet having been previously raised above a reasonably 
stable position. It is conceivable that, owing to the earth's rotation, or some 
other property, the horizontal intensity has a tendency to rise above what is 
altogether stable, a tendency which manifests itself in the n.c. change in 
quiet days, and that the decrease characteristic of magnetic storms is a shock 
effeotj really the consequence of this.f The two explanations are not neces- 
sarily exclusive ; each may be partly true. At present I can only say that 
conclusive evidence one way or another is not so easily got as might be 
supposed a priori. The two storms under consideration are well adapted to 
illustrate the difficulties. The observed n.c. H changes on all the early days 
in March to which '' character " was allotted at Kew were as f oUow^s : 

* ' PMl. Trans.,' A, vol. 210, pp. 283, 286 and 290. 
t Zoe. cit., p. 62. 
{ Zoc. cits p. 66^ 

§ ' British Association Eeport for 1895,' p. 209 (specially p. 212). 
II * British Association Eeport for 1896,' p. 231 (specially p. 237). 

IT Since this was written I have found a very similar suggestion in § 129 of Balfour 
Stewart's article on Terrestrial Magnetism in the 'Encyclopaedia Britannica,' 9th edition. 
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+ 77 on 5th, —27 on 6th, +13 7 on 9th, —67 on 13th, and +57 on Mth. 
We thus get + 2*5 7 as the mean from the two quiet days preceding the storm, 
and +4*37 as the mean from the three days which followed it. During the 
10th, 11th, and 12th, all days of '' character " 1, there was a total n.o. rise of 
+ 297. The 15th and 16th were days of "character" 2. The depression, 
about 44 7, existing at 24 h. on March 8 was thus practically accounted for 
before the next large disturbance began, but the greater part of the apparent 
recovery took place on days of " character'' 1. 

On August 16 we have regarded the storm as practically ended by 8 h., 
because that is what is naturally suggested by the appearance of the curves 
between 5 h. and 8 h. But shortly after 8 h. a very rapid fall took place in 
H at Kew and in N at Eskdalemuir. By 10 h. H at Kew had fallen to 
153 7 below what we have accepted as standard value. If we regarded this 
as part of the storm which commenced on the 15th, it would raise the H 
range at Kew from 338 7 to 436 7, and diminish the lowest mean hourly 
value from —49 7 ^^ — 132 7- But this fall in H was followed by so large 
and rapid a rise that practically no depression remained by the end of the 
day. There was a very quiet time on both the 15th and 17th from 1 h. to 
5 h., and if we derive mean values of H from these four hours we find the 
value on the 15th only 4'5 7 in excess of that on the 17th. There imme- 
diately followed — a very unusual feature after large storms — seven con- 
secutive days to which " character " was awarded at Kew. The successive 
n.c. changes were +11 7, +9% +87, —97, +87, —37, and +87. This 
represents a net rise of 32 7, or 27 7 in excess of the apparent depression 
remaining on the morning of the 17th. The mean of the n.c. changes from 
these seven days is about the average for quiet days. In calculating these 
n.c. changes mean ordinates from 60 minutes centering at the hour were 
accepted for the respective midnights, and it was assumed that there was no 
real change in the base value of the curves after making due allowance for 
the temperature changes in the magnetograph room. In view of facts such 
-as the above, one can only recommend caution in accepting as final any 
conclusions as to the cause of the dominant n.c. change in H on quiet days. 

§ 4. Eeverting to fig. 1, the very close resemblance between the D changes 
-at Kew and Eskdalemuir should be noticed. As Table III shows, D had a 
very much bigger range at Agincourt on March 7-8 than at Kew or Eskdale- 
muir, but the oscillations at Agincourt were much more nearly about a mean 
value, and if we had before us only mean hourly values we should greatly 
underestimate the disturbance. It is noteworthy that the extreme easterly 
position at Agincourt in fig. 1 synchronises with the extreme westerly position 
at Kew and Eskdalemuir. 
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On March 7-8 vthe Y curves at Kew and Eskdalemuir show the depres- 
sion characteristic of the early morning hours during naagnetic storms, while 
on August 15-16 they show the elevation characteristic of the afternoon. 
It appears, however, decidedly later in the day than usual.* On March 7 
the afternoon elevation is practically absent at Kew and Eskdalemuir — 
possibly on account of the late hour when the storm began — and is but 
poorly represented at Agincourt, though the storm began there near 16 h. 
L.M.T. A somewhat unusual feature — represented, however, in the storm 
of December 16-17, 1917 — is the double bay in the Eskdalemuir Y-trace in 
the night of August 15-16. 

Mean hourly values by themselves may give an inadequate idea of the 
activity of the disturbance. Table I, for instance, might almost suggest 
that on March 7-8 declination was less disturbed at Agincourt than Kew. 
The figures for the hourly ranges in Tables Y and YI will help to a truer 
conception of the facts. During the most active part of the storm, from 
h. to 5 h. G.M.T. on March 8, the hourly ranges were enormously greater 
at Agincourt than Kew. H at Kew is 15 per cent, higher than at Agin- 
court, so the excess in the angular movements at Agincourt was even 



Hour, 

a.M.T. 



20-21 

21-22 

22-23 

23-24 

0-1 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

7-8 

8-9 

9-10 

10-11 

11-12 

12-13 

13-14 



Table Y. — Hourly Eanges. March 7-8, 1918. 
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82 


28 
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59 


24 


— 
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59 


73 


95 


15 


77 


59 




53 


48 


29 


35 


19 


30 


24 




43 


29 


150 


91 


117 


76 


46 


32 


163 + 


134 


194 + 


197 + 


84 + 


97 


163 


96 


360 + 


582 


174 + 


80 + 




194 


102 


45 


264 + 


279 


196 + 


165 + 


130 + 


71 


220 


88 


672 + 


529 


241 


152 


67 


107 


88 




494 + 


154 


98 


77 


54 


35 


40 




115 


65 


65 


59 


21 


35 


32 




91 


48 


70 


45 
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32 


32 




101 


92 


45 


49 
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24 


35 




84 


48 


40 


40 


6 


30 


35 




43 


36 


116 


112 


13 


65 


54 


- — 


103 


59 


41 


32 


8 


21 


16 




48 


33 


25 


17 


5 


18 


8 




22 


24 


18 


12 


3 


15 


11 




24 


12 



7- 
1 

13 

12 

11 

110 

507 

125 

310 

304 

36 

27 

57 

38 

14 

37 

17 

7 

7 



^ The usual hour of the maximum in V on disturbed days at Kew Observatory is 
from 17 h. to 18 h. See ' Phil. Trans.,' A, vol. 210, pp. 284-286. 
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Table VI. — Hourly Eanges. 
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316 
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31 
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11 
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31 


27 
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16 
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12 


25 


18 


11 
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25 


38 
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greater than Table V suggests. The total range there was approximately 
2° 5', and the lowest instantaneous value was nearly 80' below what we have 
accepted as standard. The deduction of maximum and minimum hourly 
values for H and D from N and W curves is hardly practicable, so N and W 
data had to be given for Eskdalemuir in Tables V and VI. Owing to the 
loss of trace already mentioned, some of the ranges in the Tables are under- 
estimates, and no value at all could be assigned for V at Eskdalemuir 
between 2 h. and 3 h. on March 8, because the trace was off the sheet all 
the time. At Kew the artificial disturbance in V forbids the deduction of 
hourly ranges unless the natural disturbance is large. Values for that 
element are thus confined to the four most disturbed hours of March 8. 
They are mainly intended to show the comparative insignificance of the dis- 
turbance at Kew. 
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§ 5. Measurements were made of some of the most rapid rates of change 
with the following results : — 

March 7-8 — 

Eskdalemnir S +57 (1), +16 (5), -57 (2), ±21 (14), +41 (6), 

+ 23(7); 

W +27 (1), -"23 (5X +40 (6), +16 (8); 

Y -10(10), +13(7); 

Kew ,,...,.... H +41 (IX +12 (5), —10 (16), +19 (6); 

,, D -7(16X -»8(11), +17(6); 

Agincourt......,., H +58 (9), -47 (71), -89 (7|X +26 (10); 

B --34(15X +52(9), +115 (8); 

....... V -28(9), +22(7), -24(12), +23(19), +57(8). 

August 15-16 — 

Eskdalemnir N +184(1),-258(1), +24(11), +43(12),-16(11), 

+ 15 (24), -22 (10), +40 (3), -136 (2); 

„ W +134(1), -145(1), -88(3), +21(9); 

Kew .,..,,......... H +139(1), -183(1), +14 (11), -9 (11), +11 (23), 

--14(14); 
„ D +56(1), -67(1), +12(9). 

The figure outside the bracket giyes the rate, the unit being 1 7 per minute. 
The figure inside the bracket gives the duration in minutes of the interval 
during which the change occurred. The plus sign signifies a numerical rise 
in H, W, W, and Y, or westerly movements in D, the minus sign the reverse. 
The double sign implies an oscillation, the upper sign applying to the first, 
the lower to the second movement. For instance, + 21 (14) means that the 
element first increased and then diminished, the times taken to rise and fall 
together amounting to 14 minutes ; 21 represents the result obtained when 
the numerical sum of the two movements, expressed in terms of 1 7 as unit, is 
divided by 14. Eates from very short intervals, e.g., +57(1), have a large 
probable error, as no very exact time measure of so short an interval is 
possible. The time of an oscillation, especially when the to-and-fro move- 
ments are nearly equal, can be measured more accurately than that of a 
unidirectional movement. In some cases estimates have been given for the 
separate movements, as well as for the total movement during an oscillation. 
Most of the estimates were based on measurements made on actual turning 
points of the curves, but sometimes, where the rate of change fell off markedly 
near a turning point, the most rapid portion only of the movement was con- 
sidered. On August 15-16 the very rapid rises of force from 1-minute 
intervals refer to the rising movement in the So, while the very rapid falls 
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from 1 -minute intervals refer to a remarkable movement which occurred 
nearly 1 h. 40 m. after the Sc. 

A remark by Dr. Chapman"* " The irregular and rapidly changing magnetic 
variations during a storm are of generally local character " is^ I think, true of 
most very large rapid oscillations. At all events it is usually in such cases that 
outstanding differences are seen between Kew and Eskdalemuir, or between 
Antarctic and ordinary latitudes; but it does not apply to Sc movements 
except in a limited sense. The cause of these movements is operative from 
pole to pole, and is so effective even near the equator that Prof. Birkeland 
mistakenly supposed them to be principally developed there. At the same 
time, the great difference in the amplitude at stations so near together as 
Kew and Eskdalemuir, and the much greater relative development of the first 
or falling movement of the oscillation at Eskdalemuir and Agincourt, as 
compared with Kew, show that the immediate cause must be largely 
dependent on the geographical position of the station. 

§ 6. The principal use made of Tables V and VI was in calculating 
Bidlingmaier's '.' Magnetic Activity." This is defined for a particular station 
as the mean value of {l/87r)(aP + ^^ +(y% where a, ^, 7 denote the departures 
of the three rectangular components of magnetic force from their standard 
values. It consists of two parts, called Ai and A2 in my previous paper.f 
Ai represents what the " activity " would be if during each hour each element 
remained constantly at its mean value for that hour. A2 is the contribution • 
to the " activity" from the variations within the hour. In my last paper Ii 
calculated A2 from the formula 

A2 = (l/87r)(l/^)V> (1) 

where the n values of r) represented the departures from the mean value for 
the hour of the values obtained from measuring the curves at intervals of 
60/n minutes. Bidlingmaier's original proposal was to derive A2 from the 
hourly range, through certain arbitrary relations based on measurements of 
the Wilhelmshaven curves. In a discussion^ of this proposal I pointed out 
that Bidlingmaier's relations, if accepted, would have the undesired effect of 
making the calculated value of A2 depend on the sensitiveness of the magneto- 
graph, and that the only obvious way of avoiding this was to assume 

(l/n)tv' = GB^ (2) 

where E is the hourly range and C a constant. From an examination of 
term-hour curves from a large number of observatories I found that when E 

•^ * Monthly Notices, B. A. S.,' vol. 69, p. 74. 

t ' Eoy. Soc. Proc.,' A, vol. 94, p. 540. 

I * Terrestrial Magnetism and Atmospheric Electricity, vol. 22, p. 57. 
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was derived from the largest and least hourly ordinates resulting from 

measurement of the curves at 5-minute intervals, the best value for C lay 

between 0*09 and 0*10. In a paper in the same number of 'Terrestrial 

Magnetism/ Mr. D. L. Hazard^' arrived independently at a very similar 

result from a study of Cheltenham curves. He proposed 0*10 as the value of 

C. I found that the appropriate value for C fell when the range was 

derived, not from measurements at regular time intervals, but from the 

actual maximum and minimum ordinates within the hour. In calculating 

A2 from Tables V and YI, I have taken 0*09 as the value of C ; i,e., I have 

assumed. 

A2=-(l/87r)(0-3E)2. (3) 

The difficulty of fixing a normal value in calculating Ai was pointed out in 
my last paper, where two calculations were made. One set of results, 
described as Ai, accepted for the normal the mean value from a quiet period 
of 24 hours preceding the storm ; the other set, described as A^i, accepted the 
mean value for the 24 hours of the storm day itself. The latter choice was 
impossible in the present case owing to loss of trace. Thus only one set of 
values was found for Ai, which accept the normal values already explained in 
connection with Tables I and II. 

In the case of the hourly values in Tables YII and VIII, Ai and A2 are 
not given separately, but only their sum. But the mean values at the foot 
include separate values for Ai and A2 as well as for A1 + A2. These means 
are in each case derived from the 17 last hours included in the Tables, the 
hour preceding the storm being left out of account. Apparent inconsistencies 
of 1 unit in the last place are due to the fact that the calculations were carried 
to one figure beyond the last retained. The trace being off the sheet from 
2 h. to 3 h. on March 8 at Eskdalemuir, had to be assigned as the con- 
tribution from V to Ag. The other entries to which a 4- is attached also 
suffered from loss of trace. Probably A2 suffered more than Ai as a rule. At 
the same time, the percentage of the total " activity " for the horizontal plane 
at Eskdalemuir due to A2 in Table VII is practically the same as at Kew, 
where there was no loss of trace. This percentage is only 9 at these two 
stations as compared with 37 at Agincourt. In Table VIII the percentage 
contribution from A2 is considerably larger at Kew and Eskdalemuir than it 
was in Table VII, being 28 for the horizontal field at Eskdalemuir and 19 at 
Kew. The contribution from V is substantial in both Tables, though much 
less important relatively than in the storm of December, 1917. 

The contribution from V to Ai at Kew on August 15--16 is not given in 
the Table. The mean from the 17 hours was actually 61, bringing up the 
* ' Terrestrial Magnetism and Atmospheric Electricity,' vol. 22, p. 84. 
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Table VIII.—'' Magnetic Activity;' August 15-16, 1918. (Unit 1 x IQ-^o ^rg 

per cubic centimetre.) 
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216 


17-18 


623 
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6 
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71 


492 


18-19 
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686 
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2393 
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34 
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37 


11 
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25 
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mean value of Ai from H, D and V combined to 203, or almost exactly half 
the corresponding result for Eskdalemuir. If we confine ourselves to the 
horizontal field, but take the complete activity A1 + A2, the Kew mean value 
was 52 per cent, of the Eskdalemuir value for the March storm, and 41 per 
cent, of the Eskdalemuir value for the August storm. The former per- 
centage would, however, have been decidedly less but for the loss of trace at 
Eskdalemuir. These percentages are both less than in the corresponding 
case for December 16-17, 1917, but the higher is near the percentage 
obtained on that occasion when the contributions from V wer-e included. 

The mean " activity " at Agincourt on March 7-8 is only a little less than 
that for Eskdalemuir, whether V is included or not; but the Agincourt 
figures probably suffered less through loss of trace than those for Eskdale- 
muir. The mean " activity '' for the August storm was decidedly less than 
that for the March storm at both Kew and Eskdalemuir. On these, as on 
many other occasions, the relative amplitudes of the disturbances were in no 
way proportional to the amplitudes of their Sc's. 

In any comparison with the "activities " calculated for December 16-17, 
1917, it is the Ai not the Ai' figures that should be taken for the latter. If 
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we i^cIude V the mean ''activity" at Eskdalemuir for the 17 hours of 
March 7-8 was only a shade larger than that for the 24 hours of 
December 16-17. If we take only the horizontal components the mean 
** activity" for December 16-17 was very considerably less than that for 
March 7-8 at both Kew and Eskdalemuir, though still larger than that for 
August 15-16, 1918. The largest mean hourly ^'activity" in any of the 
Tables is that for 2 h. to 3 h. on March 8 at Eskdalemuir. Through an 
underestimate, owing to loss of trace, it is 44 per cent, larger than the highest 
value observed on December 16-17, 1917. 

Some conclusions can be drawn from the Tables as to the suitability of 
" magnetic activity/* for the purpose for which it was primarily intended, 
viz., to supply a daily numerical measure of the disturbance at individual 
stations to replace the magnetic " character '' jSgures 0, 1, 2 in the inter- 
national scheme on which the selection of quiet days at De Bilt has 
depended. The chief use of these quiet days is for the calculation of the 
regular diurnal inequality, and if, as I have suggested, selected disturbed 
days should also be assigned for that purpose, or if for any reason inequali- 
ties should be wanted for several categories of days, it would be particularly 
important that the criterion employed should discriminate effectively between 
days having different types of diurnal inequality. Activity of oscillation 
which did not affect the mean hourly value would obviously be much less 
fatal to inequalities intended to represent moderately quiet days than would 
deflections raising or lowering the mean hourly value. On the other hand, if 
there are large oscillations, the effect on the mean hourly value must 
inevitably depend sensibly, however the curves are measured, on when the 
hour happens to fall. Days, in short, when there are large short-period 
oscillations provide unusual opportunities for the entry of "accidental'^ 
features into the diurnal inequality. The fact that Ai is in general so much 
larger than Ag is obviously a point in favour of " magnetic activity." It is 
also in its favour that on occasions when the oscillations are exceptionally 
large within the hour, as in the case of D at Agincourt on March 7-8, the 
contribution from A2 becomes so large as to be vitally important. While 
recognising the advantageous features of " magnetic activity," I am doubtful 
whether they are an adequate offset against the large amount of labour 
entailed even with the simplified approximate way of calculating Ag adopted 
here. I am still inclined to think that the use of absolute daily ranges, in 
the way which I have suggested elsewhere,* might as an international scheme 
give equally satisfactory results in a much simpler way. 

§ 7. Some reference is needed to a criticism of "magnetic activity" under 
* * Terrestrial Magnetism and Atmospheric Electricity,' toI. 22, pp. 80-83. 
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another name recently made by Dr. Chapman.* Starting with the Max- 
wellian energy integral, 

(l/87r)lll{ci^ + ^^ + y^)dxdi/dz, (4) 

he shows that if we write ao + Sot for «, etc., the integral consists of the 
following three parts :— 

(l/S7r)lllBa^-\-B^^ + By')d^dydz, (5) 

i.e., the space integral of Bidlingmaier's magnetic activity, which he calls the 
" self-energy integral " ; 

(l/47r) lll{otoSa'i'^oB^ + yoBj)dxdi/dz, (6) 

which he calls the "joint-energy integral"; and 

(1/S^) III {cio^ + /3o' + r/o')dxdydz. 

The last part, as a constant, he leaves out of account. Speaking of the first 
two parts, he says : '*The latter (i.e., the 'joint-energy integral') has usually 
been neglected on the ground that the permanent and disturbance fields 
being independent, on the average there will be no net gain or loss due to 
their superposition." This he holds to be unjustifiable, and concludes that 
the "joint-energy integral " is '' the most important part of the whole excess 
energy.^f 

Later, J he says, after remarking on Lord Kelvin's estimate of the energy 
of a magnetic storm, " The other calculations which have been made have 
usually much underestimated the energy . . . the importance of the joint- 
energy integral was missed." 

As Chapman gives no references, and does not explicitly mention 
" magnetic activity," I am uncertain whether he had in view the calcula- 
tions of it made by myself and others, or whether he was referring to some 
attempts which I have not seen to calculate the energy of a magnetic storm 
from the " magnetic activity " alone. 

" Magnetic activity " has the dimensions of energy, and in my first paper 
which was devoted to the method of calculating Ag, the word energy was 
used freely, but hardly in a way that could lead to misconception. In my 
paper in the ' Proceedings,' I was careful to use the term " magnetic activity," 
and pointed out that the Maxwellian integral " is supposed to be taken 
throughout the whole of the magnetic field. It takes, moreover, as point 
of departure a total absence of force. In the present case we know the 

^ ' Monthly Notices, B. A. S.,' vol. 79, p. 70. 
t Loc. cit., p. 73. 
I Loo. cit. J p. 80. 
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absolute values ... at a fixed point . . .; but the intensity of the field never 
vanishes." In short, I regarded Bidlingmaier's use as really distinct from 
MaxwelFs, the latter's integral having simply suggested the final form 
adopted by Bidlingmaier, and particularly his use of the factor (I/Stt). 
The question now mooted by Chapman was raised during the discussion of 
my paper. To emphasise the difference from Maxwell, and the fact that 
only relative results were aimed at, I at one time thought of dropping the 
factor I/Stt. The idea incorporated in "magnetic activity" was, however, 
Bidlingmaier's, and dropping a factor which he used would inevitably have 
caused confusion. Also, the use of the factor made the numerical results of 
more convenient magnitude. I had considered the integral (6), but saw no 
way of utilising it satisfactorily, believing that " any complete estimate of 
the expenditure of energy during a magnetic storm is probably impossible/' 
This is an opinion I still retain, though I admire the mathematical powers 
exhibited in the calculation which Dr. Chapman has since actually made of 
the energy of a magnetic storm.'' 

Even if the integral (6) should prove, as Chapman believes, of primary 
importance for the calculation of the energy of a storm, the quantity 
integrated seems useless as a criterion of the magnetic character of a day. 
This is more easily seen if we write the Maxwellian integral in the form 

where p^ = ot^+^^+y^, 

and po4s the accepted standard value. 

The first integral represents the sum of Chapman's " self -energy " and " joint- 
energy " integrals. If, with a view to characterising the days at a particular 
station, we took out mean daily values of p^—po^ the result would be some- 
times positive, sometimes negative, the sign even often depending on whether 
V was excluded or not. During some highly disturbed days, owing to con- 
tributions from different hours cutting out, the resulting mean value would 
resemble that of a perfectly quiet day. In an international scheme, unless 
we treated results from individual stations as numerical, not algebraic 
quantities, we should have one station neutralising another. And as the 
distribution of stations is perfectly haphazard, so too would be the final result. 
The consequences of uncertainty as to the appropriate values for ao, /So, jo> 
pointed out in my previous paper in the case of " magnetic activity," would 
be much more serious in the case of the "joint-energy" term. An error 
of I7 in the standard value adopted for any one of the elements would, in 
the ordinary day, swamp the contribution of the "magnetic activity" term. 
For the practical purposes of discriminating between different days the 

E 2 
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superiority of Bidlingmaier's ''magnetic activity'' taken by itself seems 
hardly open to doubt. 

If we aim at calculating the energy expended in a magnetic storm, I am 
disposed to agree with Dr. Chapman that the integral (6) must be taken into 
account^ unless adequate reasons for neglecting it can be advanced. I do not, 
however, think that we have at present the knowledge requisite for dealing 
with the integral. The numerical results reached by Dr. Chapman seem to 
me to be determined mainly by what I cannot but consider the accident of 
the particular assumptions which he has made in order to obtain a definite 
mathematical problem capable of solution. A discussion of the more mathe- 
matical of these assumptions would be out of place here, but some remarks 
on the final physical assumption may be useful, especially as a possible use of 
the " magnetic activity " is suggested. 

The value ultimately found by Chapman for his "joint-energy integral"— 
in comparison with which his value for the " self -energy integral" appears 

negligible — is^ 

Ho(aoH-~-S,-H)a^ 

where a is the earth's radius, BoTS. the mean value round the earth's 
equator of that part of the maximum depression of H due to external 
electric currents, and hJcL the corresponding depression arising from internal 
currents. The relation between BoK and S^H is obviously of fundamental 
importance. The following is the only explanation I notice of the choice 
made : " It will be assumed that one-quarter of this variation (i.e., of 8Ho) is 
of internal and three-quarters of external origin. This division between the 
two sources is in general accordance with that which, in a study of the 
diurnal magnetic variations, I have found to hold good in their case."f 
No reference is given, but I presume reference is intended to Dr. Chapman's 
recent paper. J Referring to that source, the following is the clearest statement 
I can find :§ " The general result that the external field is about 2|- times as 
great as the internal field, at the earth's surface, lies between the conclusions 
of Schuster (.,.4, approximately) and Fritsche (... 1*5 approximately); 
van Bemmelen obtained still lower values." 

Passing by the fact that the difference between the ratios 3 : 1 and 2*5 : 1 
would answer to a difference of 25 per cent, in the calculated value of the 
energy, the large difference between the results of different investigators, and 
the far from good accordance of many of Dr. Chapman's observed and 

* Loc. at, p. 77. 

+ Log. cit,^ p. 77. 

\ *Phil. Trans.,' A, vol. 218, p. 1. 

§ Loc. cit., p. 35. 
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calculated values, suggest that the potential theory is not at present capable 
of giving very exact information as to the character of the regular diurnal 
variation, even within that portion of the earth's surface represented by 
Dr. Chapman's observations. All but four of his stations lay between 
53^ K and 44° S., the two extreme being Pavlovsk 60° N"., and Laurie Island 
61° S. A less favourable opinion has been recently expressed by Miss A. 
van Vleuten* after an independent investigation of the problem, similar in 
comprehensiveness to Dr. Chapman's. 

But, so far as I am aware, the results of all the investigators mentioned 
above, and one or two others mentioned by Miss van Vleuten, have referred 
to the regular diurnal variation on ordinary or quiet days. Even in com- 
paratively low magnetic latitudes, e.g., at Kew and Agincourt, the diurnal 
inequality in V is largely increased and modified on disturbed days. This is 
significant, in view of the explanation suggested by Dr. Chapman in the 
'Philosophical Transactions,'f of why van Bemmelen's value for the ratio 
between the external and internal fields approached unity. In really high 
magnetic latitudes, judging by Antarctic results which there is no reason to 
suppose abnormal, the regular diurnal variation on highly disturbed days is 
almost of a different order of magnitude from that on quiet days. Until we 
have high latitudes adequately represented, we cannot judge whether a 
potential will give the regular diurnal variation there either for quiet or for 
disturbed days. Still less can we judge whether, if potentials apply in both 
cases, the ratio between the contributions from the external and internal 
fields will be the same for the two. 

Finally, even if we knew that a potential gave the regular diurnal 
variation all over the earth on disturbed days, we should not be justified 
without further enquiry in assuming that the ratio between the external and 
internal fields deduced from it applied to disturbance as a whole. 

It seems to me that the assumption 

BqH. = SiFL 

would be no more arbitrary, and even more simplifying, than the assumptions 
actually made by Dr. Chapman. At the present moment, and I suspect for 
some time to come, any positive disproof of such a hypothesis would be very 
difficult. 

If we made this assumption, and accepted Dr. Chapman's mathematical 
formulae, only the *' self-energy " would survive in the energy integral, and 

^ ^Koninklijk Nederlandsch Meteorologisch Instituut,' No. 102 (specially p. 112). 
t Zoc. ctt,f p. 14. 
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the final result would depend simply on (SoH)^ x (volume between earth and 
external current sheet). 

If we supposed the maximum mean hourly value from N, W and V 
combined at Eskdalemuir in Table VII to be the mean value for the space 
between the earth and a concentric surface at the supposed altitude, 
100 kilom., of the overhead currents, we should obtain for the space integral 
of the "magnetic activity" throughout this volume 0*4 x 10^^ ergs, the precise 
value obtained in Dr. Chapman's equation (20) for his " self-energy integral." 
This is, of course, a pure coincidence. 

§ 8. The phenomena described in the present and my previous paper are 
not favourable to the view that any very simple general theory of magnetic 
storms is likely to add directly much to our knowledge. In the storms we 
have discussed the large increase in the disturbance as we travel the com- 
paratively short distance from Kew to Eskdalemuir suggests a principal 
source much nearer than the pole of the zonal harmonic of the Gaussian 
potential, while the large difference between Kew and Agincourt is far from 
suggesting symmetry round the axis of the harmonic. Something may, I 
think, be learned from the consideration of auroral phenomena. Magnetic 
and auroral phenomena do not, it is true, show a strictly proportional 
development. Those who have compared magnetic records from high latitudes 
with aurora have found that times of brightest aurora and times of largest 
magnetic disturbance by no means always coincide. It has been inferred that 
bright aurora is dependent on the concentration of electric current at a height 
where the atmospheric conditions favour luminosity. These currents no 
doubt cause magnetic disturbance, but their influence may be less than that 
of other currents, whether at a lower altitude or more generally distributed. 
Still, when a large magnetic disturbance occurs, aurora generally proves to 
have accompanied it, and for aurora to be seen in southern England unaccom- 
panied by a magnetic storm is almost, if not quite unprecedented. Whilst 
the well-known diagram of auroral frequency, due to Fritz, may well want 
revision in view of more recent knowledge, its main indications are presumably 
reliable. They indicate a zone of maximum frequency whose largest diameter 
is from 30^ to 40°. When we superpose magnetic data from a large number 
of storms, commencing at all hours of the day, we may get phenomena 
roughly symmetrical round the centre of the auroral zone, but any such 
symmetry seems improbable on a given occasion. Aurora itself certainly 
shows no such symmetry. At a given instant it is usually concentrated in a 
particular part of the heavens, and in the northern hemisphere often extends 
much to the south of the auroral zone. Supposing magnetic disturbance 
mainly due to the concentration of electric currents in one definite region of 
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the auroral zone, it is the distance from that region, not from the centre of 
the zone, that is likely to be the all-important thing. It will make all the 
difference to a particular station whether the concentration of current is on 
the near or the remote side of the zone. From this point of view, the most 
promising way of extending our knowledge is to compare individual records 
from a series of stations lying roughly on a north-south line, and so not 
differing much in local time. A station in the extreme north of Scotland or 
in the Orkneys or Shetlands would seem likely to add much to our knowledge. 
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[Plates 1-3.] 

The authors have recently made a series of observations on some cases of 
inter-crystalline fracture in various metals, occurring as the result of the 
prolonged application of stress. In explanation of these phenomena they 
have formulated an hypothesis which appears to afford a satisfactory account 
of the present observations and to correlate them with other well-known 
phenomena whose exact nature has, however, hitherto remained obscure. In 
putting their observations and hypothesis on record at the present stage, the 
authors are well aware that much fuller experimental investigation of the 
whole subject is required, and they hope to carry this forward. The evidence 
now available, however, appears to them to justify preliminary publication, 
especially in view of the fundamental interest and great practical importance 
of the subject. 

The present paper relates to a group of phenomena some of which have 
long been known, in the case of brass, as " season cracking." Brass articles 
which have been manufactured by a process of alternate cold-working and 
annealing — such, for instance, as cartridge-cases and other articles made by 
operations of cupping and drawing — sometimes exhibit a tendency, after a 
period which may vary from a few hours to several years, to undergo 
spontaneous cracking. The occurrence of this type of failure of brass has 



